Summary Stomatal conductance in trees is related to both foliar carbon-isotope abundance and stem hydraulic properties. By combining these relationships, I hypothesized that carbonisotope abundance in foliage should vary with limitations to water movement through supporting branches. I sampled Douglas-fir branches (Pseudotsuga menziesii (Mirb.) Franco) from six sites across a climate gradient in Oregon, USA for foliar carbon-isotope abundance and stem hydraulic properties. I used a forest growth model to quantify climate-induced stomatal limitations, expressed as reduced potential transpiration, across the gradient. Foliar stable carbon-isotope abundance showed a strong inverse relationship with branch specific conductivity (hydraulic conductivity per unit functional sapwood area) and leaf-specific conductivity (hydraulic conductivity per unit leaf area). Foliar stable carbon-isotope abundance was correlated with modeled reductions in potential transpiration; however, the inclusion of leaf-specific conductivity improved the correlation by more than 30%. Combined, leaf-specific conductivity and climate-induced stomatal constraints explained 84% of the variation in foliar isotope abundance in 1994 foliage. This model was confirmed on foliage classes 1990--1993.
Introduction
Stomatal conductance in trees is related through separate mechanisms to foliar carbon-isotope abundance and to stem hydraulic properties. The combination of these relations indicates that stem hydraulic properties should influence carbonisotope uptake. Stomatal conductance is related to stable carbon-isotope abundance because stomatal aperture controls the diffusion of CO 2 into the leaf, and thus influences the internal CO 2 concentration (c i ). At high c i , the carboxylating enzyme ribulose-1,5-bisphosphate carboxylase/oxygenase (rubisco) discriminates against 
where δ
13
C is expressed in units of parts per thousand (‰), a is the discrimination against 13 C from diffusion, ≈ 4.4‰, b is the discrimination caused by rubisco, ≈ 30‰, and c a is the atmospheric CO 2 concentration.
Stomatal conductance in trees is related to stem hydraulic conductivity because stomata respond to tension in the xylem. The upper limit to daily stomatal conductance is negatively correlated with predawn xylem tension (Running 1976 , Grieu et al. 1988 , Angell and Miller 1994 . Stomatal conductance declines below that limit in response to a critical threshold of xylem tension Pockman 1993) or to decreased hydraulic conductivity (Saliendra et al. 1995) . Xylem tension results from the combined effects of evaporation, availability of soil water, and conductivity of the pathway through which water moves. Assuming steady-state conditions with no influence of capacitance, an Ohm's Law analogy quantifies the relationship between hydraulic conductivity (κ h , kg m s
) of the xylem and the tension of the water in the xylem:
where F is the flux of water (kg s −1
), and (Ψ leaf − Ψ soil /∆x) is the water potential gradient between the leaf and the soil (MPa) per unit distance the water travels (m). The value of κ h represents the amount of water that passes a point regardless of the diameter of the stem at that point. Specific conductivity of a stem (κ s , kg s
) is κ h normalized by the area of conducting tissue in the stem cross section and is a measure of stem porosity. Because κ s is a function of the number and diameter of functional conduits, its value is highly dependent on stem cross-sectional area. Leaf-specific conductivity (LSC, kg s
) is stem κ h normalized by the leaf area distal to the stem and is a measure of the efficiency of water movement to evaporative surfaces (Tyree and Ewers 1991) .
Based on these separate relationships with stomatal conductance, δ 13 C abundance in foliage should be an inverse function of specific and leaf-specific conductivity in trees (see Appendix for rationale and equations). Because foliar δ 13 C abundance is also a function of carbon uptake and atmospheric δ 13 C (Equation 1), establishing this relationship requires that photosynthetic capacity does not vary with hydraulic parameters and that atmospheric δ
C is similar for all sampled foliage. Foliar δ 13 C should increase with decreasing LSC because decreased stem conductivity results in greater stomatal closure, which increases δ 13 C. It is important to note that no isotopic discrimination occurs when stomata are closed because all internal carbon of both isotopes is taken up.
Circumstantial evidence suggests a relationship between hydraulic parameters and δ 13 C in trees. Water availability and air humidity are known to affect tree δ 13 C (Tans and Mook 1980, Freyer and Belacy 1983) . A simple site water balance model explained up to 68% of tree-ring δ 13 C variability in Douglas-fir (Livingston and Spittlehouse 1993) . Recent studies show strong correlations between stable carbon-isotope abundance in foliage and the length of branches carrying water to that foliage Silvester 1994, Panek and Waring 1995) , suggesting that increased branch length lowers hydraulic conductivity, thereby decreasing stomatal conductance and increasing 13 C uptake. In these studies, branches were close to the ground to minimize the effect of tree bole length on water movement. In large trees, the path length represented by the bole figured substantially in total pathway resistance, and isotope abundance in foliage was linearly related to bole + branch length (Yoder and Panek, unpublished data) .
Several patterns of isotope variability in trees suggest underlying hydraulic mechanisms. Isotope variability caused by aspect, a pattern of enriched foliar δ 13 C on the sun-exposed side of the tree (Leavitt and Long 1986, Waring and Silvester 1994) , can be explained by an increased evaporative demand causing water loss and stomatal constraint sooner on the sunexposed side than on the shaded side of the tree. The finding that conifers tend to have a greater δ 13 C than deciduous trees can be explained by comparing the nature of their water-conducting pathways. In general, conifers have smaller conducting elements than deciduous trees, resulting in higher internal tensions and thus greater stomatal constraint.
To investigate the relationships between hydraulic conductivity and foliar δ 13 C, I sampled from six sites across a climate gradient in Oregon where I had previously determined that hydraulic conductivity varied naturally. Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) foliage was sampled because it was common to all sites and because the low boundary layer resistances around needles of conifers link them tightly to their atmospheric environment (Jarvis and McNaughton 1986) . This tight coupling between leaf and atmosphere simplifies the interpretation of carbon-isotope signals. Branches of equal length were used to control for path length variation. I determined hydraulic conductivity, specific conductivity, leaf-specific conductivity, and stem cavitation in one internodal segment of the lowest branches on the tree as a surrogate for the entire hydraulic pathway. Although stomatal response is influenced by the cumulative conductance of the entire pathway, I reasoned that branches represent the major resistance to water movement as long as they are close to the ground (Zimmermann 1978 , Tyree et al. 1994 . Furthermore, branches serve as sensitive indicators of losses of conductance caused by cavitation because, according to the segmentation theory of tree hydraulics, trees appear to preserve the conductivity of their trunks at the expense of their branches (Zimmermann 1978 , Sperry 1995 . Finally, because δ 13 C abundance responds to constraints on stomatal conductance from all sources, including climate, I quantified stomatal constraints from factors other than the hydraulic pathway, including soil drought, vapor pressure deficit, and freezing. For this I used a forest growth model (Running and Coughlan 1988) .
Materials and methods

Site selection
Six sites were chosen along a transect in Oregon that was established by Gholz (1982) and was the primary focus of a NASA project involving forest growth modeling from satellite-acquired data (Goward et al. 1994, Peterson and . This study expands on the four sites used by Panek and Waring (1995) ----Sites A, B, C, and D----to include Sites A/B and B/C (Figure 1 ). These additional sites represent zones of climate transition identified by Panek and Waring (1995) , and were chosen to clarify the relationship between δ 13 C and plant hydraulics. Site A/B is in the Oregon Coast Range on a flank of Marys Peak and was not part of the original Oregon Transect. Site B/C is in the foothills of the Oregon Cascade Range and is referred to as the Scio site elsewhere (Runyon et al. 1994) . All site characteristics are documented in Runyon et al. (1994) and Panek and Waring (1995) , except Site A/B (Table 1) . Site A/B is at 274 m elevation, receives an average annual rainfall of 165 cm, and experiences occasional midwinter freezes. The Douglas-fir stand was planted in 1963 (R. Worthean, pers. comm., Rock Creek Water Plant, Philomath, OR). 
Sample selection
Four Douglas-fir trees with sun-exposed, south-facing branches were selected at each site. One 3.5--4.5 m long branch was excised from the south side of each tree in early August 1994 after the terminal shoot had fully elongated. Hydraulic conductivity and functional sapwood area were measured in the field at Sites B/C, C, and D. For other sites, branch ends were sealed with silicone and branches were transported to the laboratory in opaque plastic bags and measured the same day. Because most branches had some degree of cavitation, sites were revisited after winter and spring rains had resaturated soils to determine whether cavitated elements had refilled. A comparison of fall and spring 1993 sapwood areas had previously been made at Sites C and D (Panek and Waring 1995) , so Sites A/B, B, and B/C were remeasured in spring 1994. Carbon-isotope abundance was measured on cellulose from current-year foliage at the terminus of the same branch.
Branches at Site B were not excised in the summer because they were needed for a concurrent experiment. The terminal shoots were stripped of foliage immediately for carbon isotope analysis. Branches were harvested the following spring for hydraulic measurements. Summer functional sapwood values were back-calculated by subtracting from the spring values the mean differences between spring and summer values at the adjacent sites. The κ s values were similarly back-calculated. The LSC and κ h values were then determined from κ s , functional sapwood areas, and leaf areas.
Measurement of xylem hydraulics
Hydraulic conductivity was determined on 5-cm segments cut from the 1990 internode of the excised branch by perfusing the stem with degassed 0.07% HCl filtered to 0.22 µm (W. Pockman, University of Utah, Salt Lake City, UT, personal communication). A pressure gradient of 0.01 MPa m −1 was applied and flow rate measured either in the laboratory, by collecting solution with a pre-weighed vial filled with absorbent paper, or in the field, by timing solution flux through a graduated pipette. After κ h was determined, the HCl solution was replaced with a 0.05% solution of safranin stain filtered to 0.22 µm, to identify the functional sapwood. Stained cross-sectional area, heartwood area, and total cross-sectional area were measured with an image analyzer (NIH Image 1.52 software) with a Motion Analysis Video Imaging System, Pulnix Video Control Unit, and lens. Functional sapwood area was defined as total stained cross-sectional area minus heartwood area. To calculate κ s , κ h was divided by the functional sapwood area.
To determine leaf areas, needles were stripped from the branch distal to the segment measured. The leaf area of subsamples was determined with an AgVision image processing system (Decagon Devices, Inc., Pullman, WA). All foliage was dried to constant weight at 70 °C. Ratios of leaf area to dry weight were established on leaf-area subsamples. Total branch leaf areas were calculated by multiplying total leaf dry weights by the relation of leaf area to dry weight. The LSC was calculated by dividing κ h by total leaf area above the node where κ h was measured.
Characterization of climatic constraints
I modeled growing season stomatal constraints caused by climate at each site with a forest growth model, FOREST-BIO-GEOCHEMISTRY (FOREST-BGC) (Running and Coughlan 1988) . I defined stomatal constraint as the percent reduction from maximum stomatal conductance caused by vapor pressure deficit (VPD), soil drought, and freezing temperatures (Panek and Waring 1995) . Transpiration was modeled, and the ratio of transpiration with the collective stomatal constraint to potential transpiration without stomatal constraint (T/PT) was calculated. FOREST-BGC models water balance in a forest stand based on climate inputs (temperature, precipitation, relative humidity, and solar radiation), species characteristics, and site characteristics. Twenty-five years of meteorological data were available to characterize the reduction in stomatal conductance at each site on a daily time-step over the growing season (1970--1994 , G. Taylor, Oregon Climate Center, Oregon State Univ., Corvallis). The cumulative growing season constraints from 1990--1994 were averaged to represent the constraints important to the hydraulic conductivity of branches from internode 1990 to the present. The start of the growing season was defined as the time when current-year starch reserves began to accumulate, i.e., when modeled photosynthesis exceeded modeled respiration. The end of the growing 
Isotope analysis
The terminal shoot (age-class 1994) was stripped of foliage for isotope analysis. Internodal segments representing past terminal shoots for the years 1993 through 1990 were also stripped of foliage, except at Site A, where trees retained foliage only as far back as 1991. Age-classes within trees were processed and analyzed individually. Needles were ground with a Wiley mill to pass a 40-mesh screen. The cellulose fraction was isolated according to the protocol developed at the University of Utah Stable Isotope Research Facility (S. Phillips, Univ. Utah, Salt Lake City, pers. comm.), a method modified from Wise et al. (1946) . Stable carbon-isotope abundance was measured at the University of Waikato Stable Isotope Facility, New Zealand, with a continuous flow elemental analyzer (Carlo Erba Analyser-NA1500) interfaced to an isotope mass spectrometer (Europa Scientific Tracermass). Analysis required that 3--4 mg of sample be encapsulated in aluminum foil and introduced singly into the combustion reactor, which was kept at 1020 °C and enriched with oxygen. The resulting combustion gases were swept through a reduction reactor, a water filter, and onto a gas chromatograph (GC) column by the carrier gas helium. The CO 2 gas was separated from the other gases in the GC column. A subsample of CO 2 was transferred to the mass spectrometer for measurement of 13 C abundance. All analyses were run against the CSIRO sucrose standard and calculated in relation to the Pee Dee Belemnite standard, with variation of analysis less than 0.2‰.
Results
Xylem hydraulic parameters
Across the transect, spring site κ s and LSC decreased with increasing distance from the coast (Figure 2 ), corresponding to an increase in aridity. A trend of increasing seasonal cavitation (the difference between late-summer conducting cross-sectional area and spring saturated conducting cross-sectional area) was observed from west to east across the transect in var. menziesii and was not correlated with temperature, VPD, or drought constraints on stomata (Table 2) . Differences between dry-season values and spring values were significant at Sites B/C and C only (t-test, P = 0.05 and 0.0002, respectively). Permanent cavitation was evident when spring saturated conducting area was reduced from maximum, as in branches at Site A, which were at full saturation but had a small central non-conducting area of heartwood. Across all sites, the relationship between stem functional sapwood area and leaf area distal to the stem was highly significant (slope = 42.9 ± 3.0 SE, R 2 = 0.91, P < 0.0001, data not shown). However, dry season sapwood areas were not related to leaf area. The number of foliage age classes retained by var. menziesii increased from four years at the coast to eight years at Site C. The trees at Site D retained seven years of foliage.
Site D represents an isolated, western extension of the range of P. menziesii var. glauca (Aagaard et al. 1995) , common to the climate of the arid west. The mean κ s and LSC of branches at Site D were significantly lower in each year from 1990 to 1994, and the δ 13 C was significantly less negative, than the corresponding values for branches from any of the other sites (Fishers Protected LSD, α = 0.05).
Climate constraints
Stomatal constraints caused by freezing, drought, and vapor pressure deficit (VPD) during the growing season increased across the transect from the coast inland. Vapor pressure deficit constraints were similar at all the sites, but drought-induced stomatal closure was only important from Site B/C eastward ( Figure 3 ). Freezing temperatures contributed to stomatal constraint east of the Cascades only. (Figure 4 , R 2 = 0.73, P < 0.0001; R 2 = 0.84, P < 0.0001, respectively). Results from forest growth simulations showed that, in 1994, climate factors reduced stomatal conductance, and thus potential transpiration, at each site. The proportion of actual to potential transpiration was linearly correlated with δ 13 C across the transect (R 2 = 0.50, P < 0.0001). Cavitation alone, measured as proportional reduction from maximum conducting cross-sectional area, was poorly correlated with δ 13 C (R 2 = 0.03, P = 0.42, data not shown).
A model including a combination of climatic constraints and xylem hydraulics did not explain more δ 13 C variability than the hydraulic model alone. Using a stepwise model selection technique (SAS Institute Inc., Cary, NC) on all hydraulic and climate variables, the model that best fit the 1994 δ 13 C data was 1/LSC or 1/κ s . Model parameters are given in Table 3 .
Testing the model
To test the validity of the regression model and to assess improvement in predictions by the LSC model compared with predictions based on the stomatal constraints to transpiration model, both models were applied to the age classes of foliage from 1990----the age-class of stem in which LSC was measured----through 1993. The 1/LSC model fit the years 1990 and 1991 very well, 1992 poorly, and 1993 well. In 1993, however, T/PT was the best predictor of foliar δ 13 C (Table 4) .
Discussion
Xylem hydraulic parameters
Mean values of κ s and LSC for Douglas-fir across the transect were similar to values found in other conifers. Sperry and Tyree (1990) Krahmer (1961) . The κ s and LSC values varied substantially across the entire transect, suggesting that tracheid number and diameter also varied. Measures of hydraulic conductivity are dependent on the prevailing water regime at a site because smaller growth rings, containing smaller-diameter elements, form during periods of water stress (Bannan 1965) and at high xylem tensions (Rundel and Stecker 1977) . Along the transect, soil drought limited stomatal conductance of Douglas-fir east of Site B (Figure 3) . Drought was likely responsible for the differences in hydraulic parameters through its effects on tracheid size and thus pit membrane size.
The branches at each site (Table 2 ) exhibited reversible or irreversible cavitation, or both. Seasonal cavitation increased from west to east across the transect in var. menziesii. There was no seasonal cavitation in var. glauca, although a limited amount of permanent cavitation was evident. Seasonal refilling was observed at Sites B/C and C. These results support the theory of Panek and Waring (1995) that cavitation increases in var. menziesii eastward across its range and may limit its distribution. Both δ 13 C and cumulative climatic constraints are measures of long-term, time-integrated processes. The proportion of functional sapwood is not related to either δ 13 C or climatic constraints to stomata, suggesting that cavitation occurs episodically rather than slowly over time, and probably occurs toward the end of the growing season. The finding that cavitation is limited to 1991 growth rings and older suggests that a major cavitation event occurred in 1992 in response to the regional drought.
Relation between climatic constraints, hydraulic parameters, and δ
C
The factor that best explained δ 13 C variability across sites in the most recent age-class was branch LSC. Both LSC and κ s were inversely correlated with δ 13 C and their inverse transformations explained 84 and 73% of the variation in δ 13 C across the transect, respectively. The strength of the relationship between stem hydraulics and δ 13 C demonstrates the integrative quality of the hydraulic measures. Both stem hydraulics and δ 13 C were measured directly, whereas climatic constraints to stomatal conductance were modeled. This may partially explain why variations in δ 13 C were better accounted for by stem hydraulics than by climatic constraints. Stem hydraulics are not independent of climate factors, and the relationships between δ 13 C and climatic constraints are well known (Tans and Mook 1980, Freyer and Belacy 1983) . Livingston and Spittlehouse (1993) used a simple water balance model to show that seasonally accumulated transpiration accounted for 68% of variation in Douglas-fir tree-ring δ 13 C. Across the transect, T/PT regressed against δ 13 C accounted for 50% of foliar δ 13 C variability. Like transpiration, the hydraulic measures link the climate factors to the morphological and physiological responses within the tree----e.g., tracheid size and number, wood density and stomatal conductance----to explain the integrated response of a tree to climate. Climatic factors should contribute to δ 13 C variability most when hydraulic factors vary less than climate factors; for example within an individual back through time in tree rings or foliage. Across the transect, however, hydraulic factors varied significantly.
The relationship between δ
13
C and LSC held when tested on age classes back to 1990, confirming the results from 1994 foliage. The fit in 1992 was poor, however. A relationship that included both T/PT and LSC predicted 1993 δ 13 C better than did the relation considering LSC alone, suggesting that, in 1992, a factor that made stomata more sensitive to climate the following year disrupted the relationship between foliar δ 13 C and LSC. Precipitation was low across Oregon in 1992. Internode and needle lengths were smaller than average at Site C in 1992, especially on south-facing branches. I speculate that permanent cavitation caused by the 1992 drought severely reduced the functional sapwood in branches at all sites. Stain patterns support this hypothesis. Most cavitation measured across sites occurred in 1991 growth rings and older. I expect that the restricted flow of water to leaves increased the sensitivity of stomata to drought and humidity during the following year, 1993. Values of δ 13 C were less negative across the transect in 1992. Foliar δ
C abundance reflects seasonal changes in cavitation only if cavitation precedes periods of carbon uptake and foliar growth. At Sites B/C and C, cavitation was observed in branches by the end of the growing season, but most carbon uptake occurred at the beginning of the growing season, before the summer drought. Therefore, foliar δ 13 C values probably represent conditions before most cavitation and a somewhat higher pre-cavitation κ s . The idea that most growth occurred before cavitation explains why the correlation between δ 13 C and cavitation was poor.
Integration of physiological processes
The strong correlation between foliar δ 13 C and branch LSC suggests that constraints to water movement in the branches limit carbon uptake through a reduction in stomatal conductance. Because foliar δ 13 C is a function of both carbon assimilation and stomatal conductance (Farquhar et al. 1989) , the effects of hydraulic limitations on both processes must be considered. Many studies indicate that stomatal conductance is more sensitive to water limitations than photosynthesis (Teskey et al. 1986 , Seiler and Cazell 1990 , Stewart et al. 1995 . If LSC primarily affects carbon assimilation, δ 13 C should decrease with decreasing LSC because reduced assimilation decreases δ 13 C (Equation A2); however, the relationship observed was inverse, indicating that, despite the effect of LSC on assimilation, the reduction in conductance dominated the relationship.
Thus, any factor that reduces water movement through the root--shoot conducting pathway limits carbon uptake in the foliage. Reductions in LSC explain reductions in carbon uptake caused by cavitation (Sperry and Pockman 1993) , pathlength Silvester 1994, Panek and Waring 1995, Yoder and Panek, unpublished data) , dense wood (Rundel and Stecker 1977) and decreased photosynthetic and conductance rates as trees age (Yoder et al. 1994) . Through their effect on carbon exchange, changes in LSC produce a concomitant change in the δ 13 C of foliage distal to the stem. Panek and Waring (1995) demonstrated the importance of selecting trees of similar size and shape when seeking relationships between δ 13 C and climate. The research reported here shows that hydraulic parameters explain the relationship between branch length and δ 13 C. Furthermore, hydraulic conductivity can vary among trees of the same size and shape, depending on environmental conditions, suggesting that hydraulic parameters should be included in δ 13 C--climate models. Additional experiments that manipulate hydraulic factors under controlled conditions are needed to clarify the effects of κ s , LSC, and climate on stomatal conductance, photosynthesis, and δ 13 C.
Implications for δ
C--climate relations
The following logic describes the rationale for an inverse relationship between δ 13 C and leaf-specific conductance. This derivation is meant to be a first approximation only, and therefore purposely neglects complications such as the interaction between water diffusing out of the stomata and CO 2 diffusing in. Boundary layer conductance terms are also ignored, justified by the tight coupling between conifers and their atmospheric environment (Jarvis and McNaughton 1986) . Farquhar et al. (1982) showed that:
The trends ratio c i /c a can be represented in terms of stomatal conductance (von Caemmerer and Farquhar 1981) :
which rearranges to produce:
Combining Equations A1 and A3, δ 13 C can be described as a function of stomatal conductance to CO 2 :
Under steady-state conditions, transpiration rate is desribed as a function of leaf-specific conductance (Zimmermann 1983, Tyree and Ewers 1991) :
Transpiration can be described as a function of stomatal conductance to water vapor (von Caemmerer and Farquhar 1981) :
Stomatal conductance to CO 2 is related to stomatal conductance to water vapor through the ratio of diffusivities of CO 2 and water vapor in air, 1.6:
g wv (c wva − c wvi ) = 1.6 g c (c a − c i ).
Combining Equations A5, A6, and A7:
and solving for g c , 
where δ 13 C leaf and δ
13
C air are the carbon isotope abundances of the foliage and atmosphere, respectively, a is the discrimination of δ 13 C due to diffusion into the leaf, b is the discrimination of δ 13 C caused by the carbon-fixing enzyme, c i and c a are the CO 2 mol fractions inside and outside the leaf, respectively, A is assimilation rate of CO 2, g c and g wv are the stomatal conductances to CO 2 and water vapor, respectively, E is transpiration rate of water, Ψ soil and Ψ leaf are the water potentials in the soil and leaf, respectively, κ l is the leaf-specific conductance (LSC is used to denote leaf-specific conductivity, see below), and c wvi and c wva are the mol fractions of water vapor inside and outside the leaf, respectively.
Carbon isotope abundance is a function of A/g c . This analysis explores the underlying factors that influence the denominator of that ratio, g c , to show that δ 13 C is also a function of 1/κ l , 1/(Ψ soil − Ψ leaf ) and (c a − c i ). I found that the inverse of leaf-specific conductivity (1/LSC) was significantly related to δ 13 C. It appears that the other variables in the function do not vary in a way that compromises this strong relation. In this study, leaf-specific conductivity (LSC) of branches was recog-nized to be only one component of whole-tree conductance (κ l ). Whole-tree conductance is the inverse of the sum of all resistivities along the soil--leaf pathway. However, branches contribute some of the greatest resistivities (lowest conductivities) of the entire pathway (Zimmermann 1978 , Tyree et al. 1994 ), especially when they are close to the ground and cumulative trunk resistance is minimized. Thus, the relationship is valid for branch conductivity as a surrogate for the entire hydraulic pathway.
